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The effects of isometric exercise on regional left ventricuiar 
mechanical function aud regionai coronary btood flow were 
evaluated in 17 patients with significant proximal stenosis of 
the loft anterior descending coronary artery and 10 patients 
with normal coronary arteriograms. All patients had no:- 
mal myocardial contractility in the basal condition. All 
performed isometric handgrip exercise at 50% of the 
maximal voluntary contraction for 3 min during two- 
dimensional echocardiographic monitoring and hemody- 
namic evaluation of great cardiac vein Row by thermodilu- 
tion technique. 
During isometric exercise, 7 of the 17 patients with left 
anterior descending coronary stenosis developed asynergy 
in the anterior territory (anterior or septal segment, or 
both) (group I); the remaining 10 showed normal myocar- 
dial contraction during the test (group II). The 10 normal 
In experimental studies (Id), the cessation of blood Bow 
induced by coronary ligation in the dog has evoked immedi- 
ate left ventricular mechanical dysfunction followed by 
electrical abnormalities (I ,2) that were strictly correlated 
witl! coronary blood flow changes (3.4). Furthermore, in 
clinical studies (5,6), mechanical abnormalities have ap- 
peared before electrical and symptomatic signs of myocar- 
dial ischemia during attacks of Prinzmetal angina. However, 
myocardial ischemia does not always become manifest in all 
its aspects. Combined electrocardiographic (ECG), echocar- 
diographic and clinical monitoring of patients with coronary 
disease undergoing provocative stress testing often demon- 
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subjects manifested no regiona asynergv during the test 
(cc&l grnup}. The izercz in greet ardiac vein Row at 
pchk isometric exercise was significar tly smaltes (p <c 0.01) 
in group I (+ 15 f 8%) than lhat in group II (+9X 9 48%) 
and the control group (+64 + 22% 1. Anterior coronary 
vascular resistance decreased in grourm 15 (-32 + 13%) and 
in the control group (-25 f 8%) bu’i increased in group I 
(+6 + 8%, p < 0.01 versus group 1: and control group). 
These data demonstrate that h~d~r~~~~d~ced myocar- 
dial asynergy is associated, in our study patients, with an 
abnormal response OF the regional coror,ary circulaiion. 
The increase in coronary va~ular resistance in group I 
patients with asynergy demonstrates tha: functional mech- 
anisms play a bight rote in left ventricular mechanical 
dysfunction induced by isometric exercise. 
(.J Am Coil Curdiol1988;12:1215-21) 
strates a dissociation between mechanical, electrical and 
clinical findings of ischemia (7-10). Isometric exercise may 
induce myocardial asynergy in patients with coronary dis- 
ease without evidence of significant ECG or symptomatic 
changes (I 1.12). 
The first pathophysiologic explanation of this mechanical 
phenomenon was provided by Brown et al. (13). who dem- 
onstrated that handgrip-induced constriction of diseased 
epicardial coronary arteries is responsible for the regional 
ischemic response to this type of stress. The aim of this 
investigation was to evaluate the significance of handgrip- 
induced left verLtricular mechanical abnormalities by corrc- 
lating changes in regional coronary flow and regional myo- 
cardial contractility. 
M&h& 
Study patients. Our study group was composed of 17 
patients (I4 men and 3 women with a mean age of 57 f 9 
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years) refeKed for angiographic evaluation of a chest pain 
syndrome. These patients were selected from a larger study 
group of 38 subjects on the basis of the following admission 
criteria: :: significant (~50%) proximal stenosis of the left 
anterior descending coronary artery at coronary angiogra- 
phy; 2) normal regional left ventricutar contractility evalu- 
ated in the basal condition by two two-dimensional echocar- 
diographic studies executed on consecutive days and 
examined by two independent observers; and 3) a techni- 
cally adequate two-dimensional echocardiographic study. 
Of these 38 subjects, 8 were excluded because of lack of 
technically adequate echocardiographic studies suitable for 
analysis, and 7 for echocardiographic evidence of regional 
left ventricular mechanical dysfunction at rest. Finally, 6 
patients with normal myocardial contractility in the basal 
condition and a good echocardiographic study were ex- 
cluded because of lack of significant left anterior descending 
artery disease at coronary angiography. Patients with myo- 
cardial hypertrophy, valvular or congenital heart disease or 
left bundle branch block were not included. 
Control group. We also studied 10 patients (5 men and 5 
women with a mean age of 43 2 IO years) with atypical chest 
pain, negative exercise stress test and negative ergonovine 
test for ECG signs and symptoms, normal myocardial con- 
tractilty in the basal condition evaluated by two-dimension- 
al echocardiography and normal coronary arteries at coro- 
nary angiography. 
Calcium channel antagonist and nitrate therapy had been 
discontinued for ~72 h and beta-adrenergic blocking drugs 
for = I4 days before handgrip echocardiographic testing and 
cardiac catheterization. Patients avoided cotTee and tea for 
23 h before the test, 
Ea&grip stress test. All 27 subjects admitted to the study 
were asked to squeeze a Collins grip dynamometer with the 
right hand at the maximal force they could develop, and this 
measurement was taken as an estimate of the maximal 
voluntary contraction (in kilograms) on a linear scale. After 
a 5 min interval all patients were asked to grip the dynamom- 
eter at 50% of their maximal voluntary contraction for 3 min. 
The handgrip stress test was performed ~24 h before cardiac 
catheterization. Care was taken not to allow patients to 
perform a Valsalva maneuver during exercise. Systolic and 
diastolic blood pressure, heart rate and a 12 standard lead 
ECG were recorded at rest and every 30 s during the 3 min 
test and 3 min of recovery. The ECG criterion for a positive 
test was horizontal or downsloping ST segment depression 
20.1 mV at the J point, lasting X30 ms. 
Exercise echocardiography. Real time echocardiographic 
evaluation was performed with the patient in the 30” to 60” 
left lateral decubitus position before, during and after iso. 
metric exercise with the use of a wide angle, phased array 
imaging system (Hewlett Packard model 77020 AC, 3,5 
transducer). Images were obtained from the standard para- 
sternal and apical transducer positions. Particular attention 
was given to apical four and two chamber views and the 
parasternal short-axis view. For the purpose of analysis the 
left ventricle was divided into four segments (anterior, 
septal, lateral and posteroinferior), The motion patterns of 
the individual segments were described as normal, hypoki- 
netic, akinetic, dyskinetic and hyperkinetic. For analysis of 
ventricular wall motion in relation to the perfusing coronary 
artery, each segment was determined to be supplied by 
vessels as follows: anterior and septal segment by the left 
anterior descending artery, lateral segment by the left cir- 
cumflex artery and posteroinferior segment by the left cir- 
cumflex or a dominant right coronary artery. The images 
were displayed in real time at a rate of 58 frames/s and were 
recorded by means of 0.25 in. (0.64 cm) VHS tape (National 
Panasonic AG 6200) cassette recorder. 
The initial echocardiographic examination was performed 
to record baseline images, to explore the cardiac windows 
and to establish the transducer position from which optimal 
images could be obtained. The transducer position and the 
echocardiographic planes estdulished during the baseline 
examination facilitated rapid and optimal studies. The echo. 
cardiograms in basal condition and during the test were 
graded independently by two observers unaware of the 
results of angiographic study and great cardiac vein flow 
measurements. In the event of disagreement, a third ob- 
server reviewed the case and subsequent majority judgment 
was binding. Of the 27 studies analyzed the interpretation 
was unanimous in 26 (%%). The handgrip-echnca;dio- 
graphic test was repeated in all patients 6 h after the first 
evaluation to establish the reproducibility of the technique. 
I.& ventriculograpby, coronary arteriography and mea- 
surement of coronary blood Row by thermudlutiun. Cardiac 
catheterization was performed in all patients admitted to the 
study 224 h after the handgrip-echocardiographic test. The 
study was conducted by the Sones technique the morning 
after an overnight fast. intramuscular diazepam (IO mg) was 
administered 30 min before the study. After baseline hemo- 
dynamic measurements, left ventriculography and selective 
coronary arteriography were performed in the standard 
projections. Coronary angiograms were also recorded on a 
Video-tape Sony U-Matic to rapidly verify whether the 
patients met the inclusion criterion (significant proximal 
stenosis of the left anterior descending artery). The Sones 
catheter was left in the aortic root for blood pressure 
evaluation. 
After these maneuvers a 7F Wilton Webster catheter for 
measurement of coronary blood flow by thermodilution (14) 
was introduced through a right antecubital vein and ad- 
vanced into the coronary sinus up to the great cardiac vein. 
Contrast medium wits then injected to verify the correct 
location of the distal thermistor in the great cardiac vein 
upstream to the entrance of ?ny marginal vein into the 
coronary sinus. The catheter was secured to the forearm to 
avoid displacement during the study. The position reached by 
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the tip of the thermodilution catheter inside the great cardiac 
vein was controlled during the study by frequent fluoroscopy 
with reference to spinal landmarks. Great cardiac vein flow 
was evaluated at rest and after 3 min of handgrip exercise, 
performed as previously described, injecting saline solution at 
room temperature at a constant rate of I ml/s with a Sage 
model 355 infusion pump (14). Great cardiac vein flow was 
coesidere4 to be the venous outflow from the left anterior 
descending artery distribution tenitory (15). 
Greaf cardiac vein Jrow and onferiur curonnty vosclhr 
r&lance were calculated, according to the method of Ganz 
et al. (14), with the following formulas: 
Great cardiac vein flow (mllmin) 
= 60 x 1.08 x (Tb-TiEb-Tm) -1, 
Ill 
where Tb, Ti and Tm are, respectively, the temperature of 
blood, injectate and blood-injectate mixture, 60 is the injec- 
tate flow rate and 1.08 is a constant accounting for the 
specific heat and density of blood and saline solution. 
Anterior coronary vascular resistance (mm Hglml per min) 
= me&n arterial pressure/great cardiac vein flow. 
121 
Arterial blood pressure was simultaneously measured by 
a P 23 Id Statham pressure transducer. Electrocardiogram. 
arterial pressure and thermistor signals were simultaneously 
recorded on a OTE EP12 multichannel photographic poly- 
graph. 
-PM= mnt of coronary stenosis. After com- 
pletion of the study, coronary angiograms were analyzed for 
the quantitative evaluation of stenosis severity. For each 
coronary artery, the frame showing the most significant 
percent narrowing, in any projection. over the length of that 
artery, was selected and enlarged 10 times. The diameter of 
the stenosis and that of the proximal or distal nearly 
“normal” segments were measured with a digital caliper. 
The ratio of the two measurements was taken as the percent 
narrowing of that artery. For each vessel, the projection 
selected for this evaluation was agreed on by three experi- 
enced angiographers (C.V., A.G., N.F.) who were unaware 
of the results of the echocardiographic and coronary Row 
measurements and performed separate stenosis evaluations. 
The average of these three measurements is included in 
Tabie 1. Interobserver variability on the same group of 
coronary stenosis was 7.4%. 
b = 0.927 * 0.36; RE = lO.1. These data demonstrated the 
good reprcducibility of the method. 
Exercise stress test protocol. 3icycle ergometer stress 
testing was performed in a therr .ostatically controled room 
wi!h the use of an Ergo Fit 700 ergometer 224 h before the 
handgrip-echocardiographic test. Patients started cycling in 
ihe sitting position with a 50 W load, which was increased by 
20 W every 2 min. Exercise was continued until diagnostic 
ST depression occurred or patients reached 290% of age- 
and gender-predicted maximal heart rate or had limiting 
signs or symptoms. Significant ST depression was defined as 
i mm ST depression below the rest level 60 ms from the f 
point if depression was horizontal or flat, and 1.5 mm 
depression X0 ms from the J point if depression was upslop- 
ing. Electrocardiographic leads CM,, CM5 and CM, were 
monitored continuously (OTE EP 12) and the records were 
made at rest, every 2 min during exercise, in the immediate 
postexercise period and every 2 min during the first 5 min of 
recovery. At the same intervals blood pressure was mea- 
sured by a standard sphygmomanometer cuff technique. The 
exercise ECGs were evaluated independently by two expe- 
rienced observers. In the event of disagreement, a third 
observer reviewed the case and subsequent majority judg- 
ment was binding. 
Statistical analysis. Hemodynamic values were expressed 
as mean values ? SD. The differences between values 
obtained at basal condition and at peak isome!ric exercise 
within each group were analyzed by the paired Student I 
test. Intergroup differences were tested by variance analysis. 
A p value <0.05 was considered significant. 
Echocardiographic hdingv during isonw?rk exertise (Fig. 
I and 2). Seven of the 17 patients with coronary disease 
(group I) showed asynergy (akinesia) in the lefi anterior 
descending artery distribution territory (septal segment in 3, 
anteroseptal segment in 4 patients). Only two patients of this 
group showed asynergy in segments other than those in the 
left anterior descending artery distribution territory (postero- 
inferior in one patient and lateral in one). In all cases 
asynergy was detectable 30 s after the beginning of the test 
and disappeared 130 s after the end of exercise. In no case 
was mechanical dysfunction associated with other signs of 
ischemia (ST depression on ECG or angina). 
Thennodilution tcchniquc reproducibBity. The reproduc- The remaining 10 patients with left anterior descending 
ibility of thermodilution measurements of coronary blood coronary artery stenosis (group II) showed normal myocar- 
flow has been assessed, in our laboratory, by comparing two dial contraction in the anterior and septal segments during 
consecutive flow measurements in 22 patients with or with- the test and no clinical or ECG changes. However. four 
out coronary disease. The flow value obtained in the first patients of this group showed asynergy in segments other 
measurement was plotted against the value obtained in th.: than the anterior and septal segments lposteroinferior and 
second evaluation, and a linear regression was performed. lateral in two, lateral in one and posteroinferior in one 
The correlation coefficient (r), the slope (b) ? 1 SD and the patient). In these four patients also, there were no ECG 
residual error (RE) around the regression line were: r = 0.98; changes or angina during the test. 
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Table I. Coronary Hemodynamic and Angiographic Findings in 27 Patients 
Age lyr) 
Bapal lsomelric Exercise % Coronary Stenosis 
Case 
& GCV F[ow CVR Am (mm GCV Flow GCV % CVR Ant CVR Anl % 
Gender (ml/min) Hdml per mm) (mllmin) Increase (mm Hglml per min) Increase LAD RCA LCX 
I 63M 73 1.50 
2 76M 1 IO 1.22 
3 54M 9s 0.97 
4 56M 63 I .a5 
5 54F 70 1.35 
6 67M 65 I .9T 
7 47M 121 0.90 
Mean 59 85 1.28 
+ SD 9 23 0.37 
94 t26 1.36 
122 t10 I .40 
107 t12 I .08 
65 +3 1.13 
86 +22 I.59 
70 t8 2.21 
137 t13 0.95 
97 t15 1.36 
26 8 0.40 
-9 74 78 IO0 
t14 92* 25 55 
+I1 SO 53 0 
ts 78 0 88 
t2 85 73 75 
+I5 94 30 0 
t5 55 93 0 
t6 75 
8 17 
Group II (LAD slenosis without asynergy) 
8 
9 
IO 
II 
12 
13 
14 
15 
16 
I7 
Mean 
2 SD 
46M I.25 0.98 
6aF 80 2.02 
47M 124 I.00 
57M 62 I.76 
&IF El 1.30 
43M 53 2.00 
53M 75 1.87 
66M 47 2.23 
52M 66 1.35 
65M 79 1.44 
56 79 I.59 
9 26 044 
187 i49 
162 t102 
205 +64 
118 t90 
248 t206 
I31 +I47 
127 t70 
lilh t125 
I10 t65 
129 +64 
I52 t98 
47 48 
0.86 
I .45 
0.64 
I.06 
0.56 
1.20 
1.32 
1.46 
I.18 
l.CUJ 
I .07 
0.30 
-I2 56 88 90 
-28 SO 92 85 
-36 68 2s 0 
-39 91* 0 55 
-56 88 50 0 
-40 83 I00 84 
-29 86 90 78 
-34 a5 53 73 
-12 78 0 0 
-30 84 78 0 
-32 81 
I3 II 
Control Group (no CAD) 
18 47F 75 
19 59F 89 
20 39M 75 
21 37M 65 
22 46M IO? 
23 46M 120 
24 26F 89 
25 59F 81 
26 34M 87 
27 41F 59 
Mean 43 84 
c SD 10 I7 
I .4O 
I .88 
I .33 
1.66 
I .75 
I .03 
I .22 
I.43 
1.04 
2.05 
I .48 
0.35 
98 +30 1.32 -5 
173 t95 1.29 -31 
110 t46 0.37 -27 
92 t41 1.32 -25 
I85 i.81 1.22 -30 
206 t71 0.75 -27 
161 t80 0.84 -31 
122 t51 I.17 -18 
I64 t88 0.76 -26 
92 t5s I .40 -31 
I40 t64 I.10 -25 
42 22 0.25 8 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 II 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
*Visible collateral circulation. CAD = coronary artery disease; CVR Am = anterior coronary vascular resistance: F = female: GCV Flow = great cardiac 
vein flow: LAD = lefi anterior descending coronary artery; LCx = left circumflex coronary artery: M = male; RCA = right coronary artery. 
In summary, ll of the 17 patients with coronary artery 
disease developed segmental asynergy during isometric ex- 
ercise (sensitivity = 64.7%). None of the IO control subjects 
without coronary artery disease showed mechanical, electri- 
cal or clinical signs of ischemia during the test (specificity = 
100%). 
Echocardiographic findings observed during the second 
isometric exercise test, executed 6 h after the first evalua- 
tion, were reproducible in all patients. 
Coronary hemodynamic and angiographic findings (Table 
1). The increase in great cardiac vein flow at peak isometric 
exercise was significantly smaller (p < 0.01) in group I(+ I5 
+ 8%) than that in group II (+98 + 48%) and the control 
group (i-64 t 22%). Anterior coronary vascular resistance 
decreased in group II (-32 f. 13%) and in the control group 
(-25 k 8%) but increased in group 1 (t6 +- 8%; p < 0.01 
versus group 11 and control group). 
The .ignificant left anterior descending artery stenosis 
was proximal (before the first septal branch) in all I7 patients 
examined. One patient of group 1, who had a 74% proximal 
stenosis of this artery, also had a distal 25% stenosis; two 
paticat:< of group II, who respectively had an 84% and a 56% 
proximal stenosis of the left anterior descending artery, had 
an addltional mid 40% and a distal 25% stenosis, respec- 
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Figure 1. Two-dimensional echocardiographic images and hemody- 
namic traces from a group I patient. During the handgrip stress test, 
clear akinesia of the distal segment of the interventricular septum 
occurs. The presence of asynergy is associated with only a slight 
increase of great cardiac vein flow (GCVR (+8%). ED = end- 
diastole; ES = end-systole. 
tively. The angiographic severity of left anterior descending 
artery stenosis showed no significant differences between 
groups I(75 f 17%) and I1 (81 2 II%). 
The percent of patients with single vessel end multivessei 
Figure 2. Two-dimensional echocardiographic images and hemody- 
namic traces from a group 11 patient. During the handgrip stress test, 
regional myocardial contraction appears normal and great cardiac 
vein flow (GCVF) shows a significant increase (+2060/o). Abbrevia- 
tions as in Figure I. 
-- lnltclllt 
_. 
..‘._ ..-. !._ _ 
3 
disease in group I (t4%.86%) and group 11 (2O%.85%) was 
comparable. Visible collateral circulation was detectable in 
one patient in each group. 
Hemodynamic data (Table 2). No significant differences 
were detected among the fhrce groups in the hemodynamic 
value: obtained at rest and at peak isometric exercise, 
Furthermore, the hemodynamic changes induced by isomet- 
ric exercise during two-dimensional echocardiographic mon- 
itoring were comparable with those evoked by the same 
exercise performed during the hemodynamic study. 
Exercise stress test data (Table 3). Table 3 shows the 
bicycle exercise stress test data of the 17 patients with left 
anterior descending artery stenosis, We did not find signifi- 
cant differences between groups I and !I with regard to ECG 
positivity (depressed ST segment). chest pain appearance 
and rate-pressure product reached at peak exercise. 
Myocardial asynergy duriq issmetk exercise. Isometric 
exercise performed during echocardiographic monitoring 
has been proposed as a noninvasive technique for detecting 
coronary artery disease (11,12). Mitamura et al. (II) used 
echocardiographic evaluation of regional myocardial con- 
tractility to demonstrate that this kind of exercise. even 
though associated with a modest cardiovasctdar stress. can 
induce myocardial asynergy in some patients with coronary 
disease. These authors reported a relatively low sensitivity 
of the test in diagnosing coronary artery disease but under- 
lined its high specificity and its ability to predict severely 
stenotic IX multivessel coronary lesions. However, handgrip 
exercise rarely induces ECG changes or angina in patients 
with coronary disease (16-19); if this is so, myocardial 
asynergy is probably the only expression of an “ischemic” 
phenomenon unable to reach the clinical or ECG manifesta- 
tion threshold. 
Yet left ventricular wall motion abnormalities have also 
been hypothesized to be an expression of a borderline 
depressed contractile state, unmasked by the pressure load 
induced by isometric exercise, rather than the manifestation 
of true regional myocardiai ischemia (I 1). All these obser- 
vations raise a crucial question: does handgripinduced 
myocardial asynergy represent a manifestation of acute 
ischemia? 
Mechanism fw isoaretric excmise-induced isckmia. Ex- 
perimental studies (20-25) have demonstrated a sympathetic 
nerve reflex during handgrip exercise with the tierent limb 
in skeletal muscle stretch receptors and the efferent limb 
mediated by sympathetic nerve fibers impinging directly on 
coronary arteries and by increased circulating epinephrine 
and norepinephrine levels. An Inappropriate alpha-adrener- 
gic coronary constriction has b:en hypothesized in humans 
as the dominant mechanism for handgripinduced myocar- 
dial ischemia, minimizing the importance CT the slight in- 
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Table 2. Hemodynamic Data of 27 Patients al Rest and al Peak Isometric Exercise During Echocardiographic and Hemodynamic Study 
Group I (n=7) Group II (n-10) Conlrol Group (II= IO) 
2DE Hemo 2DE Hemo 2DE Hcmo 
HR 
(beaMminI 
SBP 
(mm Hg) 
DBP 
(mm Hg) 
RPP (x 11100) 
(mm Hg x beats/min) 
-- 
Rest Peak Rest Peak Rest Peak Rest Peak Kest Peak Rest Peak 
69 + II 85 t 15* 71-tll 86ZIS’ 81211 IOl~b* 84 + I2 lo4 2 9t 81 -c IO 99 i 14* 81 f IO IOI r l4f 
I56 2 30 189 + 3ot I%? 30 191 2 30t I55 f IX 192 f l6t IS7 + I8 194 f l6t 142 1: I6 IR2 f 1st I45 i: I7 I85 * l5t 
762 II 99 ? 2l* 77 f I2 101 i 22$ 84 2 9 I04 f 7t 85 i: 10 I05 i: 8f 75 f 9 97 f 6t 76klO 9Ef6t 
I06 2 17 162 2 34* 1 IO f I7 164 2 35 I25 + 24 1% f 24t I23 + 19 199 = 261 II4 2 I9 176 f Pit II9 ? I9 I87 z 35t 
*p < 0.01: tp ==z O.ocIi: $p < 0.005. DBP = diastolic blood pressure: Hemo = hemodynamic study: HR = hean rate: RPP = Me Pressure PrdW SBP = 
systoIic blood pressure; 2Di = two-dimensional echocardiographic study. 
crease in rate-pressure product observed during this kind of 
stress. Brown et al. (13) observed an increased pulmonary 
wedge pressure (expression of mechanical dysfunction) dur- 
ing isometric exercise, that was slriclly correlated with 
significant vasoconstriction of diseased epicardial coronary 
arteries, Furthermore, intracoronary nitroglycerin abolished 
the increase in pulmonary wedge pressure and prevented 
coronary constriction. 
In the present study, all 10 subjects with normal coronary 
arteries (control group) showed increased coronary blood 
flow, decreased coronary vascular resistance and normal 
regional myocardial contractility during isometric exercise. 
A comparable coronary hemodynamic response was ob- 
served in the IO patients with left anterior descending artery 
stenosis and no echocardiographic evidence of mechanical 
dysfunction during exercise (group II). On the other hand, 
the seven patients with left anterior descending artery ste- 
nosis and anterior myocardial asynergy during isometric 
exercise (group I) s;:tiwed a significantly smaller increase in 
great cardiac vein low and an anomalous increase in anterior 
coronary vascular resistance. . 
These data demonstrate that handgrip-induced myocar- 
dial asynergy was associated, in our study patients, with an 
abnormal response of the regional coronary circulation. The 
increase in coronary vascular resistance in group 1 patients 
with handgrip-induced myocardial asynergy is a further 
Table 3. Bicycle Exercise Stress Test Data of I7 Patients With 
coronary Artery Disease 
Exercise Stress Test 
KPP 
ECG ( 1 ST) Pain (X 11100) 
Group I (7 patients) 5 (71%) 6 (85% 236 k 44 
Group II (IO pa~icnts) 7(70%) ,: 8 (80%) 226 + 34 
ECG = electrocardiogram; 1 ST = ST segpent depression: other abbre- 
viarions as in Table 2. 
demonstration of the dominant role of a functional (coronary 
vasoconstriction) rather than a hemodynamic mechanism for 
the asynergy. In fact, no differences in the increase in 
rate-pressure product were detectable between patients with 
and without asynergy. 
Further studies, evaluating the metabolic markers of 
ischemia, are needed to definitively clarify the “ischemic” 
significance of left ventricular mechanical dysfunction 
(asynergy) induced by handgrip isometric exercise. 
Limitations of the study. 1) Two-dimensional echocar- 
diography combined with handgrip exercise has a relatively 
low sensitivity in diagnosing coronary artery disease. Of 17 
patients examined with angiographic evidence of significant 
coronary obstructions, I I developed wall motion abnormal- 
ities during the handgrip stress test (sensitivity = 64.7%). 
However, the diagnostic usefulness of this technique might 
improve in a population containing a high proportion of 
patients with three vessel disease, as recently demonstrated 
by Ferrara et al. (l2)+ 
2) The small nimber of patients studied in each group (7 
in group 1 and IO in group II) does not allow us to extend the 
pathophysiologic conclusions of our study to all patients 
with coronary artery disease even though the behavior of 
great cardiac vein flow and coronary vascular resistance 
clearly differed in group 1 and group II. 3) Ideally, this type 
of study would be conducted in patients with isolated 
significant stenosis of the left anterior descending artery. 
4) Finally, hemodynamic and echocardiographic monitor- 
ing were performed on different days. In fact, we preferred 
to keep patients in the supine position throughout the 
hemodynamic procedure to avoid displacement of the ther- 
modilution catheter that frequently occurs when patients 
assume the lateral decubitus required by echocardiographic 
monitoring. Moreover, the high reproducibility of the echo- 
cardiographic findings during isometric exercise had been 
assessed in our study population before the hemodyaamic 
evaluation was performed. 
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